Background: Severe sepsis is associated with a high mortality rate, but the detailed epidemiology of sepsis is not well known in Polish hospitals. The aim of the study was to determine the prevalence and incidence of severe sepsis in Polish intensive care units (ICUs). Methods: Two one-day, point-prevalence studies were performed on March 8 th , 2012 and March 13 th , 2013. An online questionnaire was sent to 320 accredited ICUs. Demographic data regarding hospitals, ICUs, number of patients with severe sepsis and septic shock, and number of patients mechanically ventilated with a central catheter or a urinary catheter were collected. The one-day prevalence of severe sepsis in ICUs was calculated, and the annual incidence of severe sepsis in Poland was estimated from the prevalence rate and the mean length of stay in ICUs. Results: 1398 patients participated in the study in 2012, which accounted for 50% of all ICU beds registered by the National Health Care (NHC) system; 860 patients participated in 2013 (30% of all ICU beds). The daily prevalence of severe sepsis in ICUs was 26% in 2012 and 22% in 2013. Based on the data provided by the NHC system, the number of severe sepsis patients treated in accredited ICUs in Poland amounted to 24,905 patients per year, and the incidence of severe sepsis was 65/100,000 cases per year. Conclusions: Severe sepsis was observed in one-fourth of patients treated in ICUs in Poland. However, the actual number of severe sepsis patients is at least 2 times higher because many patients with severe sepsis were treated outside accredited ICUs. Severe sepsis constitutes a major health problem in Poland.
Heath risks associated with severe infections are well known; these infections have been generally associated with epidemics caused by specific, dangerous pathogenic factors (such as cholera, typhoid, flu, haemorrhagic fever). Systemic infection (sepsis) develops in the course of various extrahospital and hospital infections, and it can impair organ function (severe sepsis) or result in an immediate threat to life (septic shock). The incidence of such infections is increasing in both surgical and non-surgical medical specialities, but the total quantification of these infections is not easy and have until recently escaped epidemiologists' attention. In 2001, findings concerning severe sepsis in the United States were published; the reported results were essential for informing our present knowledge regarding sepsis [1] . In that study, severe sepsis was reported to be a syndrome of clinical symptoms universally occurring (3 cases per 1,000 individuals a year) that consumes half of the financial resources of intensive care units (ICUs) and causes a number of yearly deaths comparable to myocardial infarction. The data were confirmed by studies carried out in other countries. Moreover, a further increase in the incidence of severe sepsis and its associated hospital mortality was observed [2] . In the second decade of the 21 st century, the medical community dealing with sepsis took widespread informative action. The Global Sepsis Alliance was established, the 13 th of September was pronounced World Sepsis Day, [4] and the World Sepsis Declaration was published [5] . The Declaration estimates that there are 20−30 million cases of severe sepsis annually, and those numbers tend to increase by 8-13% per year. Severe sepsis remains the leading cause of ICU mortality, and despite intensive treatment, mortality rates due to sepsis are still extremely high (30−60%). The risks associated with severe sepsis are self-evident; nevertheless, the syndrome is still not recognised in healthcare institutions and remains unknown to the general public. Severe sepsis has not been identified in the International Statistical Classification of Diseases and Related Health Problems or other systems of disease classification. Therefore, studies on the health situation in Poland do not provide data on the incidence of severe sepsis [6, 7] . Attempts to determine the health risks associated with severe sepsis have been confined to ICUs [8−10] ; the analysis of the incidence of ICU sepsis in Poland was presented for the first time in 2007 [11] .
The aim of the present study was to evaluate the epidemiology of severe sepsis in Poland based on one-day prevalence rates in ICUs and to draw the attention of medical circles and the public to this dangerous and growing health problem.
METHODS
The study design was approved by the Bioethics Committee of the Wrocław Medical University. The questionnaire study was performed twice at a one-year interval, i.e., on March 8 th , 2012 (2012 study) and March 13 th 2013 (2013 study). The questionnaires were sent to 320 accredited ICUs in Poland, which constituted 76% of all ICUs registered by the National Health Fund [12] . Respondents answered within a strictly defined 24 h period (starting at midnight of March 8 th 2012 and midnight of March 13 th 2013); only one questionnaire was completed per institution. The answers concerned the condition of all patients treated in the ICU on the day of questionnaire completion, i.e., on March 8 th and March 13 th . The on-line questionnaire contained questions concerning the following information: 1) ICU and hospital demographic data, 2) the number of intensive care stations (beds) and their patient load, 3) the number of patients with symptoms of severe sepsis treated in the ICU, 4) the number of patients with symptoms of septic shock treated in the ICU, and 5) the number of patients with central venous and urinary catheters undergoing mechanical ventilation. The information was gathered thanks to the web portal created by Blackhorse Science+Business Media.
Severe sepsis and septic shock were recognised using the guidelines of the Surviving Sepsis Campaign [13] , which have been translated, discussed and popularised in Poland [14] . It was decided not to determine the number of sepsis cases (infection + systemic inflammatory response syndrome -SIRS) due to very high sensitivity and low specificity of SIRS diagnoses confirmed by a number of observations [15] , as well as the poor usefulness of this diagnosis for ICU treatment practice.
The one-day point prevalence (PP d ) was calculated by dividing the number of severe sepsis cases by the general number of cases treated in the ICU during the study period:
PP d = severe sepsis cases/all cases treated in ICU The national one-day point prevalence (PP dn ) was calculated by comparing the number of ICU stations to the number of intensive care stations in the country. According to the data of the National Health Fund, the number of ICU stations in Poland in 2012 was 2799 [12] . The same number was used for 2013.
The Incidence is a function of prevalence and disease duration: I = P/d where I -incidence, P -prevalence, and d -disease duration.
The incidence rates calculated in this way are reliable when disease durations are stable values [16] . The data in the present study regarding severe sepsis treatment times in ICUs were obtained from the seven-year register of ICU severe sepsis cases in Poland [10] . The treatment time was stable, i.e., 10 days, on average.
The annual incidence (Ia) was calculated according to the following formula:
This method of determining severe sepsis prevalence and incidence has been used earlier in studies performed in Netherland [17] and Germany [18] .
Descriptive statistics were applied for data analysis using Statistica 10.0 (StatSoft Inc. Tulsa, USA).
RESULTS
In 2012, questionnaires were sent to 300 ICUs; 244 questionnaires were completed and returned (76%), and 239 (98%)of those were valid, while 5 (2%) questionnaires were rejected due to incomplete data. In 2013, questionnaires were sent to 320 ICUs; 131 were completed and returned (41%). Of those, 128 (98%) questionnaires were valid, and 3 (2%) questionnaires were rejected due to incomplete data. In total, 367 questionnaires were included in the study. In 2012, data concerning 1,398 ICU patients were obtained, which corresponded to 50% of all ICU stations registered by the NHF. Patients with severe sepsis and septic shock constituted 26% of all patients treated in ICUs (364 individuals), thus the national one-day prevalence of severe sepsis in ICUs was 728 patients. The annual incidence was (728/10) × 365 = 26,572 cases; extrapolated to the total population in Poland in 2012 (38,533 million), the resulting incidence was 69 cases of severe sepsis per 100,000 population or 0.69/1,000.
In the 2013 study, the data of 860 patients were obtained, which corresponded to 30% of the ICU stations registered by the NHF. The number of patients with severe sepsis and septic shock was 191, representing 22% of all patients treated in the reporting ICUs. The estimated one-day point prevalence in Poland was 614 patients. The estimated annual incidence based on data collected in 2013 was (614/10) × 365 = 23238 cases; converted into the total Polish population in 2013 (38,496 million), the resulting incidence was 60 cases of severe sepsis/100,000 population, i.e., 0.6/1,000. The mean annual prevalence of severe sepsis in ICUs in Poland, based on the data obtained from both studies (2012, 2013) , was: -the mean annual number of cases of severe sepsis in ICUs in Poland = 24,905 cases. -the prevalence of severe sepsis in ICUs in Poland = 0.65 /1,000. Among patients with severe sepsis, septic shock was recognised in 173 patients in 2012 (47%) and in 70 patients in 2013 (37%). The mean prevalence of septic shock in patients with severe sepsis in both studies was 44% ( Table 1) .
The mean number of ICU beds reported in the study was 7.7 in 2012 and 8.6 in 2013. Bed occupancy in the ICUs studied was 76% in 2012 and 78% in 2013. Device utilisation (DU) in ICUs was high in both 2012 and 2013 ( Table 2 ). The percentage of intensive care stations in relation to all hospital beds was 2% on average (2.0% in county hospitals, 1.7% in regional hospitals, 2.1% in university hospitals, and 2.6% in others).
DISCUSSION
The prevalence of severe sepsis can be assessed using various methods, and the results can therefore markedly differ. In our study, a one-day point prevalence study of morbidity in ICUs was used. This method has some limitations, as a one-day picture does not include cases in which sepsis improved during treatment or those in which sepsis had not yet developed. However, when the reliable disease duration is known, the incidence of a given disease in the study population can be estimated; this was carried out in the present study based on the available data [10] . The method of estimating point prevalence is simple and allows the recruitment of many research centres and large numbers of patients, hence its popularity. A similar method has been used to determine sepsis prevalence in other countries [17, 19] . The results of studies those studies were comparable: 29% in Netherland, 33% in Mexico, and 25% in Poland. The same method was also used to assess the prevalence of severe sepsis in Poland in 2006/2007 [11] . In that study, the prevalence rates of sepsis, severe sepsis and septic shock were evaluated. The prevalence of severe sepsis was 16%, which is substantially lower than that obtained in the present study, and that low prevalence may be the result of difficulties in diagnosing severe sepsis and in the differentiation between severe sepsis and sepsis. In our study, he identification of sepsis based on SIRS criteria was abandoned due to low specificity. Thanks to the wider professional experience of ICU physicians in recognising severe sepsis and the precise criteria of organ failure diagnosis, our results are more reliable.
According to the Surviving Sepsis Campaign diagnostic criteria used in our study, severe sepsis is a form of sepsis causing organ dysfunction or tissue hypoperfusion. One of the severe sepsis forms is septic shock, which is characterised by persistent hypotension despite fluid administration and usually requires vasosuppressive drugs. The identification of septic shock patients amongst all patients with severe sepsis is essential for one-day point epidemiological studies. Septic shock is characterised by much worse prognosis compared to other forms of severe sepsis and its prevalence is universally identified in epidemiological studies. Additionally, the percentage of patients with septic shock in relation to patients with severe sepsis changes in point studies according to the availability of intensive care beds. In countries with high IC bed availability, the percentage is low, whereas in countries with limited availability of IC beds (such as Poland) this percentage is high. Monitoring the percentage of septic shock cases in further point epidemiological studies enables additional analysis of intensive care availability changes in healthcare systems. Cohort studies enabling everyday assessment of the population analysed are more precise than one-day studies. However, such studies performed in various centres have shown highly divergent results with respect to ICU severe sepsis prevalence; reported results range from 12.4% in France [20] to 27.1% in Great Britain [21] . Cohort studies can underestimate the real number of severe sepsis cases, as they are usually confined to the population of patients treated in ICUs. According to American studies, this number represents only half of patients with severe sepsis in the population [1] . Additionally, cohort studies are believed to identify only 1/3 of ICU severe sepsis cases in Spain [22] and 1/4 of cases in Slovakia [23] . Calculations of severe sepsis incidence in the entire population based on ICU patients can differ depending on availability of ICU beds. In counties with low ICU bed availability, e.g., in Great Britain (8.6/100,000) or in Poland (7.1/100,000), the percentage of patients with severe sepsis in ICUs is high (27% and 25%, respectively). In the counties with high availability of ICU beds, such as the United States (38/100,000) and France (30/100,000), the percentage of patients with severe sepsis in ICUs is substantially lower (12%) [24] . Therefore, an estimation of the number of severe sepsis cases in the population based on the percentage of patients with severe sepsis in the ICUs is likely to carry the risk of error.
For this reason, epidemiological evaluation of sepsis is also based on administrative data, e.g., ICM-9 codes compiled in various ways -infections and acute organ dysfunction, bacteraemia and infections, etc. Such analyses allow the assessment of prevalence of severe sepsis in the entire population. However, depending on the database, information obtained using various administrative parameters can vary up to 3.5-fold [25] .
According to the first classic epidemiological study on severe sepsis in the United States, the prevalence of severe sepsis in the population was 3/1,000 a year [1] . The next population-based study showed a slightly lower prevalence -2.4/1,000 [26] . Another study carried out in Norway and based on hospital administrative data reported a sepsis prevalence of 1.5/1,000 [27] . In the cohort study performed in Great Britain, the number of patients admitted to ICUs with severe sepsis was found to be 0.5/1,000 [21] whereas in Australian and New Zealand studies the prevalence of severe sepsis was 0.77/1,000 [28] . The prevalence rates estimated based on one-day studies in Netherland [17] , Germany [18] and Poland were similar -0.54/1,000, 0.75/1,000 and 0.65/1,000, respectively.
According to our results, the annual incidence of severe sepsis in Poland is estimated at approximately 25,000 patients treated in ICUs. Because the number of patients in the population can be 2-to 4-fold higher than the number of those treated in ICUs, the total number of patients with severe sepsis is at least 50,000 a year. This number is consistent with the estimates presented in the previous Polish publication [11] . Mortality due to severe sepsis is extremely high, reaching up to 50% [9, 10] (i.e., at least 25,000 cases a year; the death rate due to severe sepsis for the entire population is at least 65/100,000). This rate is higher than the real death rate due to cancers of the trachea, bronchi and lungs (58.6/100,000) or myocardial infarction (49.4/100,000) in Poland [7] .
The present study supplemented data provided by the recent 7-year observational study in patients with severe sepsis in ICUs [10] . Both studies explicitly reveal that severe sepsis is one of the most dangerous health problems, both in the population of patients treated in ICUs and in the general population.
